Abstract. The structural contradictions of the supply side of Scientific and technological talents (S&T talents) in Guangxi are increasingly becoming the resistance of scientific and technological innovation, and will restrict the sustainable development of economy and society. Based on the deep analysis of the current situation of the supply of S&T talents in Guangxi, the grey GM (1,1) metabolic model is used to predict the demand structure of S&T talents in Guangxi from 2016 to 2021. The results show that during the next six years, the demand for S&T talents of traditional and high-tech industries in Guangxi is very urgent. It is suggested that in the context of the structural reform of the supply side, the industry should vigorously introduce and train high-level S&T talents to support the optimization and upgrading of the industrial structure and the transformation and upgrading of economic development.
Introduction
Nowadays, it can be seen that a new round of technology revolution and industry innovation have been booming throughout the globe, such as "Industry 4.0 Strategy", and technology innovation has become a huge engine which is promoting the economic and social development of countries around the world. When China enters the state of "New Normal" with a mild type of economic growth, the support and leading role of technology innovation in economic restructuring and upgrading have become increasingly prominent. The key of technology innovation lies in talents. It has become a strategic choice to accelerate the construction of a S&T talents team with the large scale, high quality, reasonable structure and vitality. At present, the supply-side structural reform proposed in view of China's economic downward pressure and structural optimization and adjustment has aroused the extensive concern of scholars [1] . Under the background of supply-side structural reform, how to improve the efficiency of the supply of S&T talents, optimize the ranks of S&T talents, and boost the overall economic transformation and upgrading is the key issue that is deserved attention at this stage.
The manufacturing industry in the industrial 4.0 era calls for high-level S&T talents. The strategic prelude to "Made in China 2025" has been opened, and the transformation of the talent team has become an issue to be solved urgently. Although the total amount of S&T talents resources in Guangxi is not small, and the number of persons engaged in scientific and technological activities (S&T activities) has increased from 60400 in 2006 to 113700 in 2015, an average annual growth rate of 7.73%, but the contradiction that there is an imbalance and in coordination in talent supply and demand has become increasingly distinct, highlighting the lag of adaptability between the supply side and the demand side. Some scholars have pointed out that the scale of high-level talents in Guangxi is small and there is a lack of achievements in scientific and technological research (S&T research) as well as senior and middle management talents and technical talents in such industries as petrochemicals, machinery and automobiles. Such a talent supply status cannot meet the needs of the economic and social development in Guangxi [2] [3] . It is because of the existence of problems in the supply and demand of S&T talents, so it is inevitable to accelerate the structural reform of the supply side of Guangxi's S&T talents. In this way, it will be effective to carry out Guangxi's innovation in the future and to promote the transformation and upgrading of industrial structure and a strategic change in the pattern of economic development in Guangxi.
The Outline of National Plan for Medium and Long-term Scientific and Technological Talents Development (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) indicates that S&T talents refer to the labor with certain professional knowledge or specialized skills, engaging in creative S&T activities and contributing to the cause of science and technology and economic and social development. According to this definition, it can be divided into specialized personnel, technical personnel, personnel engaged in S&T activities, R&D personnel, scientists and engineers and other levels. Taking into account the data collection and statistical analysis and many other reasons, the S&T talents in this paper specifically refer to the R&D personnel.
On the basis of defining of the concept of S&T talents, this paper deeply analyzes and sorts out the current situation of the supply of S&T talents in Guangxi, and forecasts the demand structure of S&T talents in Guangxi from 2016 to 2021 by GM (1, 1) grey forecasting model so as to provide a reference for strategic planning and management of S&T talents in Guangxi. The remainder of this paper is organized as follows: Section 2 reviews the relevant literature. Section 3 forecasts the structural demand of S&T talents in Guangxi with GM(1,1) and puts forward some suggestions. Section 4 summaries the conclusions.
Literature Review

Analysis on the structural problems of supply side of S&T talents in Guangxi
At the level of supply and demand of human resources, the current contradiction between supply and demand of S&T talents in Guangxi is increasingly notable, which is mainly manifested in excess supply, inadequate supply and dislocation of supply and demand.
Excess supply. In traditional industries, there is not only excess production capacity, but also the problem of oversupply of middle and low-end talents. The problem of talent homogenization is serious and the overall technology skill level is not high. With the elimination of backward production capacity and disposal of "zombie enterprises" in the future, more and more people will need to be diverted. At the same time, due to the rigid system and mechanism in traditional enterprises, employees generally have problems such as low ability, poor professional skills and insufficient knowledge reserves, resulting in a surplus supply of low-level human resources.
Inadequate supply. In the process of innovation and development and transformation and upgrading, enterprises in Guangxi are in urgent need of senior technical personnel, high-level innovative S&T talents and top-level international executives in the fields of new technologies application, new mode operation and international expansion. However, the supply of talents is seriously inadequate in these areas. In addition, high-tech industries and strategic emerging industries play an important role in adjusting the economic structure and enhancing their competitiveness in Guangxi. However, the scarcity of S&T talents and insufficient R&D investment in these industries hinder the pace of enterprises development, which has a limited impact on the promotion of economic growth and adjustment of industrial structure [4] [5] .
The dislocation of supply and demand. When the contradiction between supply and demand of human resources cannot be effectively solved, there will be a misplacement of supply and demand, resulting in rising labor costs and even mismatching between human and post. The disparity between supply and demand is highlighted by the disconnection of vertical hierarchy structures(age, professional titles, academic qualifications, etc), horizontal distribution structures(regions, industrial sectors, industries, etc), and the introduction structure and social development needs.
The application of GM (1, 1) grey forecasting methods to human resources
The relationship between talent system and social and economic development is very complicated. This system contains both known and unknown information and can be regarded as a semi-dark grey system. This paper intends to use GM (1, 1) grey model to predict S&T talents. Xu (2016) [6] pointed out that grey theory is of high accuracy in forecasting analysis, especially when the data sequence is short and has obvious upward trend. Therefore, grey predication is widely applied in human resources.
For the prediction of human resources, many scholars have tried and achieved good results by using the grey prediction method. Based on the in-depth analysis of the status quo of the construction of S&T innovation talents in Suzhou, Wang et al. (2010) [7] predicted the supply of Suzhou S&T innovation talents with GM(1,1). Li et al. (2012) [8] used the grey GM(1,1) metabolic model, linear regression model and trend extrapolation separately to predict the demands and structure of S&T talents in Shanxi during the 12 th Five-Year period. Li et al. (2016) [9] built the binary regression forecast model and GM(1,1) grey prediction model to predict the demand of S&T talents under the China's innovation-driven strategy. According high-skilled logistics talents supply and demand data between 2008-2014 in Guangdong, Yan(2017) [10] established grey model of quantity of supply and demand of Guangdong high-skilled logistics and tested, which proven models are available; and predicted Guangdong high-skilled logistics talents quantity of supply and demand by the grey model. From the above studies, it can be found that the grey model to predict talent trend is widely used and can stand the test of many successful cases.
Structural Demand Forecast of S&T Talents in Guangxi
In the context of supply side's structural reform, Guangxi should actively adapt to the new normal economy, speed up economic restructuring and rely on scientific and technological strength to achieve its transformation and upgrading so that its economic structure will be further optimized and its industrial distribution will be more rational. First of all, we need to transform and upgrade traditional industries and resolve excess production capacity in such industries as steel, coal, cement and glass to promote the survival of the fittest and the efficiency of economic operation. Second, we will improve the traditional advantageous industries and make them reborn to move towards high-end by increasing R&D investment and enhancing the ability of independent innovation. Finally, we must vigorously develop high-tech industries, aim at high-end and make up for the short boards, and take S&T talents as the first resource to support Guangxi's high-tech industry's leaping development so as to give full play to the engine role of driving Guangxi's industrial structure optimization and upgrading.
In view of the above analysis, dividing according to industrial structure, this paper uses grey model to predict the demand of S&T talents in traditional and high-tech industries separately to find the evolution rules and trends of S&T talents in Guangxi, and provides the reference for the strategic planning of S&T talents.
Data Processing
Enterprises are the main carriers of S&T talents, and R&D personnel in industrial enterprises above designated size or large and medium-sized industrial enterprises make up the majority of all R&D personnel. Since China Statistical Yearbook on Science and Technology did not classify R&D personnel of industrial enterprises above designated size in all regions by industrial sector, R&D personnel of industrial enterprises above designated size are approximately employed in place of those of manufacturing R&D personnel. Considering that the statistical caliber of large and medium-sized industrial enterprises are basically the same as those of industrial enterprises above designated size, it is proposed to use the difference between the number of R&D personnel of industrial enterprises above designated size in x with the number of S&T talents in traditional industries,
x is an accumulation sequence (1-AGO) of x with the number of S&T talents in high-tech industries,
x is an accumulation sequence (1-AGO) of 
The absolute residuals of S&T talents in traditional and high-tech industries are calculated by formula (3). The relative residuals of S&T talents in traditional and high-tech industries are calculated by formula (4) . The results are shown in table 3 and table 4 . From the principle of the grey prediction method, it can be seen that the size of a − main controls the system's development trend, which reflects the forecast development trend. It is called the development coefficient. The size of b reflects the relation of data change, and it is called the grey action. Where: ○ 1 When 3 . 0 < − a , the GM(1,1) model can be used for medium and long term prediction; ○ 2 When
, the GM(1,1) model can be used for short-term prediction, and the medium and long term prediction is used carefully; ○ 3 When
improvement model, including the GM(1,1) residual correction model, should be adopted; ○ 4
, it is not suitable to adopt the GM(1,1) model, and other forecasting methods can be considered. In this study, the average relative errors of S&T talents in traditional and high-tech industries were calculated as 0.0384 and 0.04126 respectively by using formula (5). According to table 5, the model is in line with the prediction of second-order accuracy. Therefore, the forecast is stable and it can be used for medium and long term prediction. 
Where, λ is resolution ratio. When Thirdly, calculate the small error probability p :
Through calculation, the posterior error ratio of S&T talents prediction in traditional industries is 4331 . 0 1 = C , and the small error probability is 000 . 1 1 = p ; the posterior error ratio of S&T talents prediction in high-tech industries is 4421 . 0 2 = C , and the small error probability is 889 . 0 2 = p . After contrasting the discriminant reference table of the posterior error test (Table 6 ), the prediction accuracy of the prediction model reached the qualified standard. 
Analysis of Prediction Results and Suggestions
Prediction Results. According to the above test, it is proved that the prediction model is feasible in terms of prediction for S&T talents. The number of S&T talents in traditional and high-tech industries from 2016 to 2021 is calculated by formula (1) and (2) respectively, as shown in table 7 below. In 2015, the number of S&T talents in Guangxi's traditional industries was 26565. According to the prediction, the number of S&T talents in Guangxi's traditional manufacturing industries can reach 64547 by 2021, an increase of 142.98% over 2015, with an average annual growth of 23.83%. In 2015, the number of S&T talents in Guangxi's high-tech industries was 3586. According to the prediction, the number of S&T talents in Guangxi's high-tech industries can reach 6584 by 2021, an increase of 83.63% over 2015, with an average annual growth of 13.93%. Analysis of Results and Suggestions. The forecast of the future demand trend for S&T talents can provide a reference for the government to implement policies on talents introduction and human resources planning. From the forecast results, Guangxi has a high demand for S&T talents no matter in traditional industries or high-tech industries in the next six years. Therefore, Guangxi should increase investment in personnel training, create a contingent of highly qualified S&T talents, and take the opportunity of innovation in industry 4.0 to achieve S&T talents' guidance and support for industrial structure adjustment and transformation.
From the path of the transformation and upgrading of traditional industries in developed countries, the upgrading of traditional industry is mainly achieved through technological innovation and organizational innovation [11] . In the face of overcapacity and factor constraints, if traditional industries in Guangxi are to achieve their transformation and upgrading and to create new prospects, they should carry out "grafting" with high technology and implement technological innovation. Therefore, Guangxi should lay a foundation for the transformation and upgrading of traditional industries through the cultivation and introduction of S&T talents. On the one hand, it will cultivate a batch of high-end technical personnel and top management talents who meet the needs of the development of traditional industries; on the other hand, it will vigorously introduce a group of overseas returnees and foreign advanced technology R&D personnel who track the leading technological development of the world industry so as to promote the development of traditional industrial technologies innovation and industrial restructuring and upgrading.
The transformation of high-tech industries is slow, the scale of R&D investment is weak, and the supply side of talents is also weak [12] . However, the development of high-tech industries should rely on technological progress, which is the process of R&D personnel constantly creating scientific research achievements and making them commercialized. Therefore, Guangxi should take the development of high-tech industries as an important way to realize the economic transformation and development in the light of the needs of the economic development of the region. We should actively guide and encourage the development of high-tech industries, accelerate the introduction and agglomeration of innovative talents and expand the effective and high-end supply of S&T talents so that we can enable the high-tech industry to develop steadily, enhance innovation capabilities and enhance market competitiveness.
Conclusions and Prospects
Based on an in-depth analysis of the current situation of supply of S&T talents in Guangxi, this paper forecasts the demand of S&T talents in traditional and high-tech industries in Guangxi in 2016-2021 by using the gray GM (1,1) metabolic model. Comparing the actual value and predictive value, the results of comparative analysis and test show that the prediction model is better, the precision is higher and the error is lower. The prediction results show that the demand for all kinds of industrial S&T talents has increased substantially in the next six years. The existing shortage of S&T talents and structural shortages will not only reduce the competitiveness of Guangxi enterprises, but also restrict the optimization and upgrading of industrial structure. Therefore, Guangxi should speed up the expansion of the scale of S&T talents, improve the supply structure of S&T talents, release the bonus of human capital and rely on innovation to break through the bottleneck of its own development so as to achieve transformation and upgrading and adapt to the new economic normal.
This study only uses GM (1,1) model to predict the demand for S&T talents. In the future, we can improve the prediction accuracy of S&T talents by improving the grey prediction model or combining other methods. In view of the current state's emphasis on and support for strategic emerging industries and service industries, future research can also predict the demand for S&T talents in these industries so as to make this research more perfect.
